In this investigation, 32 cases of naturally occurring glomerulonephritis in swine were studied retrospectively . Almost all affected pigs were crossbred and more than half were growing pigs. Nearly two thirds of the pigs showed gross renal lesions characterized by bilateral kidney enlargement, palor, edema, and/or cortical petechiation. The most commonly encountered extrarenal lesions were serous bodily effusions and gastric ulcers. The renal disease was considered the primary cause of death in 11 pigs. Histologically, the renal lesions in all pigs were characterized by a generalized and global proliferative glomerulonephritis. Mesangioproliferative glomerulonephritis was diagnosed in 2 pigs, whereas the glomerular lesions found in the other pigs (30/32) were characterized by a proliferative and exudative glomerulonephritis frequently associated with crescent formation. In all pigs, there was histologic evidence of proteinuria. A focal necrotizing vasculitis was found in the kidneys of 7 pigs. Although probably of immune origin, the precise etiopathogenesis of the porcine glomerulonephritis described herein after remains unknown.
Spontaneous glomerulonephritis (GN), which is usually of immune origin, is relatively prevalent in domestic animals and represents a common form of renal disease, particularly in dogs and cats. Glomerulonephritis is not often diagnosed in swine but does occur occasionally as a sporadic event. 9, 12 It also has been reported as a sequel to chronic infectious diseases such as hog cholera,' African swine fever, 7, 8 and systemic cytomegalovirus infection. 16 Recently, various morphologic types of GN, including proliferative, mesangioproliferative, and membranoproliferative, have been described in pigs; 5, 10, 11, 13, 15 in some of these instances the disease appeared as a small outbreak in affected herds. The purpose of this retrospective study was to describe the clinical and pathologic findings associated with naturally occurring GN in swine.
Materials and methods
Case material. Cases with a pathologic diagnosis of porcine GN were selected from routine necropsy and biopsy submissions to the diagnostic laboratory of the Faculté de médecine vétérinaire of the Université de Montreal, from January 1973 to December 1993. Clinical information, gross descriptions, and microbiologic results were obtained from necropsy report forms.
Light microscopy. Tissue sections from these pigs were processed by routine methods for histologic examination. Formalin-fixed, paraffin-embedded renal tissues were cut at 3-5 µm and stained with hematoxylin-phloxin-saffron (HPS) and Jones methenamine silver stains. Selected sections were also stained with Masson's trichrome and Mallory's phosphotungstic acid hematoxylin stains.
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Received for publication March 28, 1994. Immunofluorescence. Frozen renal sections 5-6 µm thick from 5 pigs were examined for glomerular immunoglobulins and C3 using an indirect (complement) and a direct (immunoglobulins) immunofluorescent staining method. Primary antibodies used were sheep anti-swine C3, a rabbit antiswine IgG, b goat anti-swine IgM c and IgA. c Renal sections from 2 normal growing pigs were used as controls.
Electron microscopy. Formalin-fixed sections of kidneys from 9 pigs were postfixed in 2% osmium tetroxide and embedded in Epon resin. Ultrathin sections of selected cortical areas were stained with uranyl acetate and lead citrate for transmission electron microscopic examination to verify the presence or absence of electron-dense deposits within glomerular capillary wall and mesangium.
Results
Case material and clinical history. A total of 32 cases of porcine GN, diagnosed between January 1973 and December 1993, was studied retrospectively. Half of these cases were diagnosed from 1990 to 1993. The pigs came from 27 different herds in Quebec. Ten pigs were from nursery (6-8 weeks old), 5 were young reproductive females, and more than half (17/32) were growing pigs. Of the 17 growing pigs, 11 were 2-4 months old and 6 were at slaughter weight. Among the 32 pigs, 30 were crossbred and 2 were purebred (1 Yorkshire and 1 Landrace).
Postmortem examination of these pigs was conducted for multiple reasons. The majority (19/32) were found dead with apparently no premonitory clinical signs, 7 were submitted alive but presented problems such as poor weight gain, and in the 6 remaining animals, kidneys were submitted for examination because of gross renal lesions found at slaughter.
Necropsy and bacteriologic findings. Gross lesions were found in the kidneys of nearly two thirds (20/32) of the affected pigs. These renal lesions were diffuse and bilateral and included 1 or a combination of the following anomalies: slight to moderate kidney enlargement, palor, edema, and cortical petechiation ( Fig.  1) . In a few pigs, the renal cortex had a heterogenous color, simulating an interstitial nephritis. Bacteriologic examination of kidney samples from 13 pigs yielded no or insignificant growth in 12 pigs and a slight growth of Streptococcus suis in 1 pig.
Lesions found in other tissues and organs (extrarenal lesions) are summarized in Table 1 . Hydropericardium, hydrothorax, ascites, perirenal edema, subcutaneous edema, or a combination of these lesions were observed in nearly half (13/32) of the pigs. Another Table 1 . Extrarenal lesions observed in 32 pigs with glomerulonephritis. frequent finding was the presence of ulcerations in the nonglandular part of the gastric mucosa, affecting more than one third (11/32) of the pigs with GN. Extrarenal lesions were not found in 6 pigs, 4 of which also had no detectable gross kidney lesions. Of the 19 dead pigs submitted for necropsy, 11 were considered to have died from GN, whereas in the 8 other pigs, the reason for death was attributed to various other causes, including Streptococcus suis septicemia in 3 pigs, bleeding gastric ulcer in 3 pigs, S. equisimilis endocarditis in 1 pig, and meningitis due to S. suis in 1 pig.
Light microscopic findings. The renal lesions observed in the 32 cases examined were characterized by a generalized and global proliferative GN ( Table 2) . Most of these cases (30/32) were classified morphologically as proliferative and exudative GN, whereas the 2 others were diagnosed as mesangioproliferative GN. In the former group, the glomerular tufts were hypercellular and often enlarged. The hypercellularity was mainly due to neutrophilic infiltration in capillary beds and to the proliferation of native glomerular cells. The neutrophilic infiltration ranged from few scattered cells in some cases to large numbers of cells, sometimes obscuring the normal glomerular architecture. The proliferation of native glomerular cells was attributed in part to mesangial cell proliferation with increased mesangial matrix, resulting occasionally in an exaggeration of the normal lobular pattern of the glomerular tufts. This mesangial reaction varied among cases and ranged from very mild to moderate. Swelling and hyperplasia of the visceral epithelial and endothelial cells were also noted; the endothelial cells sometimes obscured the capillary lumen. Hyaline thrombi were observed in the glomerular capillaries of some pigs. B_ light microscopy, the glomerular basement membrane did not appear thickened in tissue sections stained by the Jones methenamine silver method. In most cases, the Bowman's space was filled with a serofibrinous exudation often admixed with neutrophils, erythrocytes, and occasional mononuclear cells (Fig. 2) . In many cases the glomerular lesions had evolved toward the formation of adhesions (synechiae) and crescents (Fig. 3) . Obsolescent glomeruli were observed in some cases. Proteinaceous fluid was always seen in the Bowman's space and within dilated tubules. The tubular epithelium contained numerous hyaline droplets and occasionally showed some degree of degeneration. In the interstitium, there was often a mild to moderate multifocal lymphoplasmacytic infiltration, with or without edema or fibrosis. A focal necrotizing vasculitis was observed in the kidneys of 7 pigs (Fig. 4) . These vascular lesions were predominantly found in the calices region and at the corticomedullary junction. Most of these cases of GN were acute to subacute. In a few cases, the renal lesions were considered chronicactive and were characterized by an extensive interstitial fibrosis associated with an active exudative process within glomeruli.
Immunofluorescence findings. The kidneys of the 5 pigs examined showed a strong granular staining for C3 in the mesangium and along the glomerular capillary walls (Fig. 5 ). There was also slight and irregular staining for IgM within the mesangium and along the capillary walls. Slight positive reaction for IgG was observed in 2 of these pigs. In 1 pig, there was a segmental staining for IgA along the glomerular capillary walls. In 1 of the control pigs, there was scant glomerular staining for C3, IgM, and IgG.
Ultrastructural findings. From 9 pigs, renal samples that had been previously fixed in formalin for various lengths of time were examined by electron microscopy. Although these samples were not optimal, they were considered satisfactory for searching for the presence of glomerular electron-dense deposits. Occasional dense deposits, mainly located in the mesangial and paramesangial areas, were observed in samples from 4 pigs. In samples from 3 pigs, there was a conspicuous wrinkling and focal lytic disruption of the glomerular basement membrane. Mild irregular thickening of the glomerular basement membrane was also occasionally noted. In samples from 2 pigs, the glomerular structures could not be properly evaluated because of the severe loss of architecture attributed to large number of neutrophils and profuse fibrinous exudation.
Discussion
In this investigation, 32 cases of porcine GN from a 21-year period were studied retrospectively. The fact that half of these cases were diagnosed in the last 4 years of the study period indicates either an increased recognition due to heightened awareness for the condition in this species or a real increase in prevalence of the disease. Unlike other domestic animals affected with GN, swine appeared to be affected at a relatively young age; most animals were less than 1 year old. The condition should be considered potentially lethal; GN was considered the primary cause of death in 11 of the 32 cases examined (34%).
Nearly two thirds of the pigs showed gross renal lesions (kidney enlargement, palor, edema, and/or cortical petechiation) that were considered compatible with acute to subacute GN. 9 The renal lesions were often found in association with bodily serous elisions. The pathogenic mechanism(s) responsible for the development of these effusions was not assessed in the live animals submitted for necropsy but could be related to an altered fluid regulation associated with renal failure, to a severe urinary loss of albumin, and/or to vascular leakage due to injured blood vessels. 2, 9 Another frequent gross finding was the presence of gastric ulcerations observed in nearly one third of the pigs affected with GN. A high prevalence of gastric ulcers associated with GN in swine has been reported recently. 5, 15 The causal relationship between these 2 lesions is still unclear. The development of these ulcers could be related to uremia, 5 ischemia due to gastric vasculitis, 15 or nonspecifically to disease-related stress.
Histologically, the renal lesions found in most of the cases examined in this series (30/32) were characterized by a proliferative and exudative GN frequently associated with crescent formation. The gross and light microscopic findings in these cases shared many similarities with the rapidly progressive GN (RPGN) (or crescentic GN) described in humans. 2, 14 This clinicopathologic syndrome is not a distinctive entity; it is best viewed as a severe complication of many types of GN of different causes and pathogenesis. This condition in humans has been occasionally associated with postinfectious (poststreptococcal) GN, membranoproliferative GN, systemic diseases such as systemic lupus erythematosus, Goodpasture's syndrome, systemic vasculitis, and idiopathic RPGN (a diagnosis of exclusion). 2, 14 Similarly, the proliferative and exudative GN observed in most of the pigs in this series represents a morphologic pattern that might be common to different underlying conditions. Similar gross and light microscopic renal lesions have been previously described in pigs, 5,10,13,15 and the glomerular lesions have been variously associated with or attributed to poststreptococcal infections, 10 vasculitis in multiple organs including skin, 13, 15 and an inherited renal disease in Yorkshire piglets. 5 The bacteriologic findings and the extrarenal lesions observed in the pigs of our study did not suggest a unifying infectious cause responsible for the development of the glomerular lesions. However, we cannot exclude a possible postinfectious pathogenesis in some cases because there was evidence of bacterial infection (mostly streptococcal) in some of these pigs. Other potential sources of antigens (subclinical viral infections, biological products) were not investigated. Results of fluorescent microscopy, although performed on a small proportion of the pigs, suggested at least an immunologic basis in the pathogenesis of the condition; there was strong complement (C3) staining in all pigs and less consistent immunoglobulin reactivity. These results might indicate that immune complexes have been formed (circulating or in situ) with subse-quent complement activation and that some of the immunoglobulins may have been phagocytized in the course of the disease. Alternatively, direct activation of C3 via the alternate complement pathway might have occurred with either subsequent nonspecific deposition of immunoglobulins within the injured glomeruli or secondary formation of in situ immune complexes. This latter hypothesis has been recently suggested as a possible mechanism in poststreptococcal GN in humans. 4 Results of immunofluorescent microscopy must be interpreted with caution in light of the surprisingly high incidence of subclinical GN associated with immune deposits (potentially preexisting in some of the pigs of our study) reported recently in normal slaughtered pigs. 11 Acute GN, apparently similar to that described in this report, was reported recently in the United Kingdom as part of a syndrome called dermatitis/nephropathy of pigs. 13, 15 The glomerulopathy was associated with vasculitis in many organs including skin, which was the origin of the peculiar cutaneous lesions found in this syndrome. Although a similar syndrome has been recognized lately in our area, 3 none of the pigs included in this series had comparable systemic vasculitis and cutaneous lesions; however, a necrotizing vasculitis was found in the kidneys of a few pigs.
Porcine membranoproliferative GN type II has been recently described as a hereditary disease in the Yorkshire breed in Norway. 5 The glomerular lesions often evolved as a rapidly progressive GN (crescentic GN), and the affected pigs usually died between 4-10 weeks of age. One of the hallmarks of this condition was the ultrastructural findings of extensive intramembranous dense deposits in the glomerular basement membranes (porcine dense deposit disease). Immunohistochemical techniques also revealed strong reactivity for C3 along glomerular capillary walls but no staining for immunoglobulins. The disease appears to be inherited as an autosomal recessive trait and to represent a non-immune-complex-mediated glomerular disease resulting from unrestricted systemic complement activation. 5 Because most of the pigs in our study were crossbred, it is not known if some of these were Yorkshire crosses and, more importantly, if these crossbred pigs could develop the overt disease. The extensive intramembranous dense deposits that characterize the disease were not observed in the few cases we examined ultrastructurally.
The precise etiopathogenesis of the porcine proliferative and exudative GN described in this study, although probably of immune origin, remains unknown. More extensive epidemiologic, immunologic, and ultrastructural studies are needed to unravel the various pathogenetic mechanisms that are probably involved in the development of this common morphologic type of GN in pigs. We hope that this report will increase awareness for this condition in swine and will stimulate further investigations of the subject.
